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SUMMARY

Hare—earth iron garnet cry s 1 
~1l1ne composition s w ’~r.~ fnrm~,l~ tI~~, fi lmu

~epos i t i~ i~ 1 ~q niu— nhas e t~~i taxy , and mar me t t c  ~v~ luat~ on meouuremer . ts p~ r—

f .’ rm~ . Fh~-~ re lts of th~ magnetic property experi rnent -~ were used to

~el~ . .: t  ii- nr,jve r a r~ —~~ rth iron Fa rt ~~t composit ion s and f ilm deno : it ior .

con::i t ion s for l l—h- u~- h1.~- — ~~~arnet~ r ma~ r.~ t ic ~emor ! app l icat ions. Repre—

senta ~ iv1 res ul ts of ~elivered amvles are given in tabular form in the /~opendi .- .

Duri~ ~ this rI-.: ort period , sam1~rium thulium— , yttrium ,arnarium thul ium— ,

yt t r i u m  ~.amarium lutet ium— , and yttrium ~uro~ ium thulium gallium ~ro; ~arntt

films i~.-r~ grown and their static magnetic properties eva luite d . Yttrium

~~mar ium lutetium calcium germanium iron garnet small—bubb le- ~iameter f i lms

were pr~pore0 and evaluated for comparison of their mag netic pro ne rti~~... n

ad0:t~ or. to the static magnetic property exnerimen ts , ~ynarnic measu r~me: ts

fo rm~- on (LaEuim)
3 

(Fe ~;a)
5
O12 and (SmTm )

3 
(FeGa)5012 film s .

?~o~ illties of 733 cm/secj’Oe and 140 cm/sec/Oe , respec tively , were ~ete:miF~~~

for r re f—r .tative samp les. These mobility figures reveal that these two

.mall — hubb le—d idm eter composition s w oulF operate at a half megabit ~a t~

ra te ,

- i
i

1

~~~ 
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OBJECTIVES

T h i s  r e -~ear ~). is con~ er: e with the pr~ ’.-ar~ t io n , c ha ra c t - r iz a t i o n  a: .

I- ’;dl u-i ion o~ cr-; - - t a l i i r ,e  uar r ,~~t :tag:.~~t i~ f i lm- - .  ~he liqui — nhas e  ~- : itax ia l

us ’ 1  ique wa  us ’.:H to e~ osit r n a r  et i. th i:, f i lms on commercial nor.—

~~- , . t  e:j 3d auL- s~ r .1te s. ih l - se  thin f i lms  were evalua ted for u~e i:. - m a l l

~uLLl e ~l~~~e t . i  cylin .:r ical ro ma in memory devices. Research :-erformed in

a : r i tb :. to formu latbo: and thin film - :eoos i t ion  stu l i e s  i::Ciuu€- .: mea sur~-meu t

of ‘.all ~~n1- :  r?, anisotropy , t’m: erature coeff ijient , temperatur~- ranu e a : - i ~

~~ 
j o : .  A r a l ses invo lve the nre -ence of im: ur i t ies , nor tob ~ h iom—

e t
~~~. at . .ar .i~ compe n-a t io n  con si :erations. The goal is to : repa: a: ,

eva l u~~t~ a — m a l l  bubb le d iameter  (less than 2 ~m) LPE ~rvstall jn— iar : . - t  f i l m

wlt~-. th.- f c  low ino uharacter istics :

wal l  ~: erav der~sitv 0.23 erqs/cm

q Hk
’
~

m
~

b ~~
‘ 3

v e l oc i t ;  ~~
‘ 1000 rn/sec ~ s.1H 5 Oe

tem; )eratlre coeff ic~ er .t - O.2%/°C

rota ting field drive at 10
6 

bit/sec ~hi f t rate < 25 Oe

-2-
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SPER i~Y ~L~ EAk - .’H CEh 1 ER . . Hh IhAL A PP duA -  H

:he ov.~rai I ~ - h .  is- i l  anpr-oac h ‘ o : ‘- u’ -~ :: in the leve lop rnet . t  of  a

-ma.  l— ~ . .~ ., — 1” ’ ~~- r  ,i in :~ i s a l —  : ia b : . m as- —rn -:~.or . ma terial ~m: h a - -d zes

tht’ for :r .. dt le.., r~~:-ar  ~~
‘ u t . ,  ~~~~~ te rlzatbo:. , . yo l.,, tbo:. on : t L st l : O of

- r a : j : . e t i : ;  r y - ,t~~1Ii: t h b n  f i  m

5 . i~~L ga r: .-t maq: ie t i  thi:. f i lms have bee r . four , - : to Li:

th i— mo o ro m isin’; 3 to 8 m nb-bIn d iam eter  ma te r ia l s  for buid- ie -oe ’r -or’/

E v il s. h~ r.~ - . r-~ .s s e c t :o n a l  i r s - I  f i lms of : -u i t ij  le : e r f - ’ t or. a urt

sir- ~1 1~ ~.a F : k- tIc nr oz - e r ties IVi- e ’ : .  o b t a i : . e  : from li~~ui : — : h a s e  ~u i t a x b o 1

:enos it.or , ‘ - x ~ i r i m k - : . t s .  it  1- -. re ason aL- I~- ‘ 0 a s o S m i -  t ha t  th.:se su. . ‘ - ‘-‘ s

- a: be ‘ - . 5 ’ - : .  nd t o  i:.clu .~e - .ma1 l— i ul,b-~ e— ’~iamnte r oa r r .  et ompo - ‘ Ions.

.a :o lir,iu~ —~o b liu:r gar:. et ( ~G) has four -.: ~~l : 4 -  - : - r ea : use as ~hk- or. —

m a g: .e .tbc  s u b - s t r a t i . m a t e r i a l  for t El LPE lepoc it ion  of ma r : e t i c  o a r -  - t1

f i lms, ho - it research ‘-x t e : . de-~ 5: b : .nlude 1 to 2 .  m buLb 1.-

‘r . a t . - r  ia ’s ~.- i l I a lso u t i l i ze  3d subs t ra te’,. Since po l is hed 3G subs ’ :

slIces of - ì  - . -
~~ua~~~

- tnoli t -~ are : i - o -  ~ilv available om-~- ’ -~~ b all - , ra

gallium g a r r e t  lo u les w i l l  t o t  be grown . However , if fo r  an - p r~ ’ a - ~o:.

-rercial substrate sour —s are r o t  adequate for the .iepos i t ioo of  or i l l —

bubb le — ~bamete r tEl:. f i lm’-., nonmagnet ic g a r n et  s ingle c r y s t a l -  ~~ 11

orowt , from the d ir ect melt by the Czochral- -ki techn ique , orienti— : cr, - - t. ~.lo—

oranh~ n obly , ct~t , poli sh ed and cleaned prior to use.

lEe 1; p r o d c h  to be followed In the growth of magnetic crystallin e

fjlm s will be the liquid—p hase  ep itax ial meth o : .  This techn ique has r - I O V t n



—

u be ‘ ;e n: - e r - r  metho f - :  ob t I n  in. t - i~ t: - ‘ - F  f” tion maor ’-- ’ ~c film -.

W! El’-’ b u s ’  ‘ i n~~i r ~~ at. t i: - r l :  - r mo :~ f~, a t b o r s of h~- E: :xo-w -t t . t a- i’- been cr:oloy e ,
- ~.or i z o t : : a l — .’, f - : — : : : ; n-r r F - v e r - ~e rot~ t bo r : r . -u eSS w E l l  b-c usec fo r the

:r0.~’’ of cma l — i  El 1”— i -im ’--t€’r c r.stalline tEl:. fil :ns.

7., elt-’c’ Ion ot ‘~~ - i m , ’r. ‘raIl b ,L-hle d l -j -- ’ - t e r  c-i 4 Iii:

LOrr:pOc1t lu:  ~.l lb t ,~~~- I t t o  consi~~ - r a t b o n  the- re u~~5s of  -n er i l fu:.dd: r~-- :.t a

-, -
~~ t : c : : o : - ’ - r  t . r i -u  orerne :, ts • 7I-, :. i- ’  Ic co: vers I on a r : b nib I e sup—

pr ~- - .s ion , t ro : - - ru .  ‘ ion a: ,q , ‘rob lii ‘ , a’— r I ‘.‘ it - , a’ or  :- -: ‘ - - :  - I - :  -

or ma-n.~-t Ic :0: ‘- it  i”-~ , and —a i- - ut rot . are :)a rdme ters  t hat  must ‘- 1 : . - . ’.- -

-:ate ~nd .: .  e r -  ~no - . El. ’-~e Px r - k- - : im ’-r .t s mu .t be su:: -Iemente : b-~~-~~o:.etlz-i —

Sl ot. , I :il le- . : lame i-: a n :  L rd le collapse ‘rca or- -~~*-’: ‘ - on all - . 1 -s : l os.

Compos tio: s to b e -  - 4 r o w n  and evaluate : b:.El u .te sa ma r i um t hu li-  

bum ~rbum E lt e tj u m— a:. ’.: euro bum thulium iron garnet all of

.‘.I- Elh ~o: ‘ - ii :.  ~.t I l ium as ‘k~’ t.on — m~i- _p . e ’t lc  ca t ior: di luer t , 3 t :  -,-t t r ium

s, -r~~: b - ..’s lu ’.e- ’ Elm ca lci um— and y ttrium europ ium lu t tium calcium iron

oar : . - ’ wt .l E con ra in  : - : - ‘ -. ,r.ium a - .. the :.or . — magr .e t ic cat ion . Invest igat ion s

w I  Il be con :t. . te d w i th  the ob ~e - n t ive of r re ’ :a r ing  a ra r e  ear th  iro:. ta r’. .e ’

ombo: l t i a t .t. i- ; h Con c - : t r o t . - S a ll of ‘hi-  t: in- ,i’.io: meta l n0::o - t i : . ’ tEl

c a ’  bo r . s  exc lus ive ly  is t.t r  t i -trahec : : al sI te. The use of  — .re rman ium

f raEll um apt- r od ses this .o: r’ i ’ l on. A nothei  ant roac t - , S hut

F ’ t :-ro - i e to be- -u~ i - i  I~~r wou ld be to .~ -;e’ va na- Fi:mr , together w ith a

-r . , :  ova len i or, tor  E a r - r i -  and aElo r compensation .

-4-
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Il IX I v

.ii B_ 0 bA : i~ P iliPA0~ 1 1 01. A :. :.  - 
~~AhAL : : : :

El:uEl:.iurr aa i l ium -7 a rnet ( ..~o) substr ate s have hoer. oL .t-El~’~ as

po l l she : - w. ~ f e :  f rom Al  11’- : hheml cal Compa:.,’ . :te sped fin-i tEl:.- , 0: .

wh ic t .  ‘ ‘ - ‘ ;  w a f ’ - - r’ :. we re  nurchas e ’  are’ as fol lows :

I Fl i -re te r  1 inch

hi cKr :i-ss 0. ~~
. 

-
~~

71--. ’ :. ) h f rI :. : ’ - ov~ r central 85% of area

Corn , ii r~- f r  0..oe:,cr-, and inclusion fr-- i—

dr-; .talloaraEl. icall; orie: tc- 1 to with in 0.5 :e :r’ i: of [Ill]

Five or f’.- .’~- r te fec s - . over ce:.t ru l  85% of rca , - is reveal ed b. a
Sc i- -~ h 1:. , , g

i 
~ pho spliorEl ad - : , us I:. : -oma r < i nte rfe ~ n: .:-

- .ontran t mi .Io’ -n o :.e.

E a ch  ~ ; w a f e r , b’rìme :iatcl’ / prior to beino use ac an .-‘tY,taxi al suhstra’ e ,

Is c ear.o -: by tt. - fol iow i : g - ‘-4 cence of

1. Hit - se it. :cnto: e

2. h i :  - i -  ~n :nm~ -. . - r . -, l l , :e, :  ,‘, , it i ’ :

Boil In Sr 1 :t loroethy len e fo r  ~ t our

boil in lOX - odIum h., :r a \ I : I - -  fo r  ~
- h o u r

5. :ti:.se in h-mI :. e: a l i re wa ’

rue I: rh o - - r t  or ic a E l  : at 120°C for I ri :  ‘ . 5 ’

~~. R’:.se In ha t t a t  w a t e r

d. Rinse it. dem in ”ral lze l water

i . Blow dr-y w ith fIlt er ed air gun

-5-
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111111 1 (X~ V

1. . ~ 1I — i - H A : d .  E P I  I ’AX Al, F I I J ~t [ ) i :E .j , I T QE

I.’. b a s i c  l i - t E l  — : - t a ’ ’- n ;’:j t a x - ,- ( L P E )  r .t: ,-’d . r r - o c , - ’ : : : r  n ‘ - ‘ t O ‘.h,’au ISO - S

0 I s  con ’rac’ p .r Iod Is  do: ‘,‘ r’nt lon a l for bubble memory f ilms - e d  :j tI lizes

izontil dinp ’.: o of Eli  - r ; s S a l l o a r .’e h i c aI I~ - - r  le t . ’. - - :  Gd El 012 (3~ i

poEl ‘-  - sd . s t r  a s - -

Tt .e - . .,i t :  - to is clca :.ed : r b r  to u - -c a:. ‘ Is suppor ’ - El a tsr” ’—

0’ re :.latEls :r, w ir e - holder. A lOwni  i : .a—rot ‘ :or ~ ‘n’-’~ har i T  IS . - —  r to

po sb ’iu : SEt- sub .ss:a ’i- above tE l  sol ‘I o n  for r e —  - . t , .r : - S or :l

: e r 1 4 ..r” e- p ,Eltt rtum is r - -ac he ’ . EXce ., : j~,e - x : ’ c . s u r ’ -  t i  ‘t.e var - irs ~~~~~

~be so lut io : . c a u - -. ’ - - - . . t e f e .  ~s 
- - .- form , whe reas i n su f f i  b e s t  t e at in F . - 1’

ur.con ’r -Il ” - fE lm :e: osl ion . lEe :ruw ’ p ro  ‘ - - S  m u c ’ ‘- i ’ ~ i .-’d oct

b c o t~ i -r- ’ .a l  - or,di tbo r ,s . A: -
- • -- ‘r.~ - -

~~ 
,~S-..re fluct ..a~ i.o:.s duri .i ’: 0 -j : .. w-

r u ‘.-ss sroduc e- ~xo: .o:::..e ’ .t fiEl - : - :  - -:t- ~ diff i ’re: i ..

i.a:,tha l woo  —el - Sr I- all. ‘ e t— r~- - i  .5  e f , , rna  n — n  w e l  - ‘ use-F I: .

‘i . e ElF — x: e :iii’r . ’s. Ihe ‘ i’ -s : - , ’ ra t u re  : r - f I l e  i: a single .:o-..~- r’ . :  a: - ‘- -  is

7 : l.ii-t’:l’ . b,  f t . i : .1 • -  r i - r u- t i ’ , , con u. Slot. los ’s f r u ’  she f :: - a e

a:~~ 1; . ‘ e ; o i t b o : .  of L af f , es wh ich  -s i n I- n ize convect ion  r i ” : ’ . .  A

zor - i-’ ur  - i f _ - ro t  It te rn : ‘ - -1 a to I e to  r - .‘ -w -i ~ . m in ii’:. ’ St ar 0 e r - . i’ : by

or — h a lf I:.ch -jho -.’e 0” 5 0 1 s t  lo t ,  sort

ar:,e’ films were rr ow ’ . on 
~
llI J 30 - -o h- - t ses 1 ; I~~E tt .’Lh niques

nr ’’vlou ,l’,’ - t i ’ ’ . n b c , ’. by num l-I’ot ’; r , .- c i - a r c h e r - .. Dur m i  st Is st ud~ , the

-6- L
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suh~~ :o~’es w”rI-’ ro t a t e . :— :  ‘ - i~~i’ - e  rot ted with a - — s e c o n d pe’r lo - :  a t  a r as t -  af

t o  r : - .~~. Rot -i t ior rat ’ -- li-ss tEa ::  30 rum and q r ’ — i t e r  t t .-i :. 100 It ’ru 1 ’-’-: i_~~ a

::e - r r  i ’ l o t , of ‘ h i d K :. e—: S unifo r- ’it ’,. A ‘00 rpm rot t io r .  was use-i wt en S t e

:ruwr film w -is wEl t :w ’  fro’r the solution . ii:is nrocedur~’ resul t ’ - - b r

ob t ab : .i :. -: hEl’. er iuali’ ’; - ’ :ao : e t i c  f i lm s , as ar. ’, flux r~’’- i no that b ad a t —

‘ 0 t . ~ ’ ii lm -was r c’SO,’e t  q.. c~ l ,’ h’. this procedure.

Soc. - .e- : i r , - : 13 I-, film or t w O  - -  ‘,u’ r’ i-’ “ :.ts -were carried ou afte r imm.e i late

-1 : .  etIc t rot ~: 
‘ meas urerni --:. ts ic-re perfor-r” :. t. s.’ nhar.+ .terization

s.. I~-s i :.cI:; lea- l a t ’i c e— -rd r - h — r O - — ’ tl~ fil’s ‘. i ~n:.-ss , bubb le diameter ,

q , an : a ; , i - .o t rop,  meast ,r ’ , .m ,.s t .. A- :just’ s-- . . ’- in

so ’..t ’or. composit ion , ,ie ’ osI 510 : . r i o ’ .’— or- and :enosition .:o:, trtio :.s w e r e ’

ma.:,, or tt .; ba sis of the e eval:. ‘tior. me3  :.r’- -- — - 
• w e  re E l  ice t h t - s e

eva lt atl o:. st., :1. -s - t o r o t  m d : .  :• ‘ i .:. -i -r.ic : r o : - ’ - r t  lest how - - vnr , un less  a

hi l’s corn rc’ ’ - i  ‘.19:. exh ib i t s  tb: e .ie,ir. ’.: sta t ic m, -i- r .e t lc — : 0 :  t Ies , it ‘w ill

not mee ’ c or.t r~ c t  o b je :t i i . :- .  ~i.i t t t . i s  t ’ r e l im i : .a rs  nv~ 1uat Io; ,  p roc .- : s r t -

:o es accomp lrsh is that suffic le :: t re : -, l t s  are oi’ aine to i ire .:.t SUc Cè  - —

i:.g fiEl rxo ’wtt s t u  b e ’ - w i t ,  a - i n i ’ - -.cs of laps ed time.

-dd ’:,rd tio : , temr,erats,re: I~,. was defi: .ed for i’ac t :  solution as the tern—

a t  w t ,I:h the g r o w t h  rate w~ s ju st ~iscerni ’r le (less tha t .  C. t’~~ -r

El:. tsr a -ni : lmum ‘~r o w t t .  t ime of 10 rOutes. Fil:n depositlo: . was carried

out. 10 r a ~QO 
below the observed saturation temperature for arty qive :, solu—

‘Io n.

iii- t .r ibutti or , coeffi cie nt s employed during this phase of st . ’ urogram

~.- ‘— r ’ - con ’ r olled - ;ucts t i . it ‘.t e  - t i n ’ S  phase was the stable species it: any

growth :,roceSS , regard1e ’- -~ of film depositio n or solution composition

-7-
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m o i l f i -  ,e~~bons . A li- ..ting of all R values and/or a ’tjustmer ts wo - .l

no me-ar. b t . 9 f 01  purpos’- ’ ar’, - ’- is o m i t t e ’ :  to conserve space ~~:. : to - / I e l : . -’ Io - p ler ,

more rna: ,a a able r o o F S .

During the course of  tt :is c o n t r a . t , over 480 LPE f i l m  .te po’ ; it lo r s

have bee: . -‘
~ c . in iS ..- - ,e ,- i r s t - . for ar, imurove i small bubble t i , r n ’ - t ” r  r.-

lir e compos i t ion . A t . : i c a l  melt composi t ion for the LPE i ro-w t t .  of

( YOm lrn ,- 3 
(Ga Fe)

50 1 .  g a r n e t  f ilm’; in mole nor cen t is as fo l lows:

Y 1 O, O .1-’9

:;m o , O.’l’ -7

‘i’m 0 C.028

Ga 203 0.’ 

Fe-’ I) 8. 15

PbO 85.1

5.00

t , is p rena ra t io r .  y ie l d s  f i lms w it t :  lo ’.s St ar .  two :r,icro-scter b ub b le

r lame ’ r’ a~ a - ~:o- w- t h r ite  of a: - : rox i :tuate l’ ;  1.0 ~m/minute .



.;F,Irlci. ,_ I

MA I E E I I C  F: Y E .,:AEl ’A l ICL C1iU~I , 1QUES

lEl’ te - -c hr . iq:- ’- ’ - f o r  me a sr~rir g s ta t ic bo bb le : a r - in t e r . have beer , :e

Cr 11 - i:. S t O  f i r s t  Interim r e p o r t .  3 ince that report  ‘was wr I tten , we S ave

J ,S0  . ea r i- : the bubble ve loc i t- .- ‘;- -.. r ive f ie ld  c h a r a ct o r i s t ic s  of severa l

rc - n i ci::n ’- - -r .,l 1— hobble materials. these :5e -asur ” mer. ts  have been made usinq

‘~~e bubb le—shift techni .e origi: ’.ally describe : by Vella— Cole iro and laboEl.

this •- :S .r.iaoi ’- , two :-ar allel conductors are placed a g a i n s t  SE’ - - sur face of

tS .e ur: et as shown it : Fin . 1. To make the measuremen t , a bubble is

r u o s l s  lor ’ . e r  ml t w a ’ ,’ Le wo ’:, tEl~ conouctor ; and the conductor -~ are nu1s e’~. The

init i al an: fi nal position s of the bubble are meas,.r’;-: 0,1:0 a po lari zir :g

-ni Cro - . .o: e’ at. from this d isp lacemen t and the pulse le ra t h , the velocity can

b’. calsu ’,~o’- - .

In uti lici n -: O,e” h obb l e—sh i ft technique , we realize that bobb le behavior

Un’.’—: dynamic co:,- :ition s is too complex to be foil - ’.- characteriz e : b-v one

“,i ’ - .r”me ’r,t . t h a s  beer, r “ : - o r te  1’ , for example , that a siq :,i ficar: t amour ,t

of 0 e’ bubble :notlo:, may antoally take place after the-’ ~irive pulse has t’nOe~~.

Als o, ‘:y:.amic conversion effects 3 can occur causing tEn- ar uarent bubble

mobilit y to depend on tl,e ,-iouli tu de of the i r i v iru n flel .: . In --n it .- of these

complEl . a ion s, we believe that the bubble— shift technique Is adt’duate for our

‘ r i - ’ - c - : , t  purpo’..es. Becausi- it does measure the movemen t of e tua l  b~~b’-b-1 e ; . and

because a full range of drive fields a:. readily i-i’ applied , this teL -hniq ue

5hoUl’t prov i r e ’ a v-did i rit ia l comparison between pot er: tial t :.b-Lle materials.

Although many bubble—shift velocit’,- measur’c-rr a ’nts , i ie ’ reported In the
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1i0’r,-j tu ;re , almost non ” of these dat a are for bubbles of 3 m

or °ma ller be c a u s e  of tt’,e c -’xr’erimc :;tal di f f l c ul t l e s  In mak ir ’~ -:o t’, measure—

‘I e - ’ : . t  s. Even a-her ; usinn the best po larinit: q mi d a- - c o n’  ~, the mew cr”- e:. t

of b obb les of thi s si,s~ is ma;’.e ‘.‘ ir::,ail’,- impossib le U-,- 55 . ’- small ‘iime :,sior. s

ir,vo ved. -tr:d t i c - ’ poor contra st of ti e - - l ’ rdOe. In or :‘-r to make such m e a s u r e —

mc’:,ts pos’-ib l e, we have purchased a special television s-/stem ‘ n i h ’  to our

spec Iflcatior :s. Ihis system utilizes an ultr a—low—l iqht—level camera tube

h .av i : . r  an integral silicon 0- inc i:.tensifier . the output of this tube is S E LO S

elo—c tr ’o: is a Ily processed to en 1 ce the image li’7’ ir-troduc ir ,a - or:trollahi e

arno ur ,t s  of contrast er:t’a:,cemer,t , clipp ing, and high—frequen cy neakir,:. I:.

addi’ ion , a pair of measurin o lines is added electronicall -,’ to the image.

i’he position of these lire :; is folly adjustable and iS distance betwee :. them

is r i’ - n l a ’ e . ’ .  on a t i crlt a l meter. A block tiagram of this syste’-~. is show:. in

F in . ‘ di , ’ t  a photograp h of tEl- apparatus i’, - ‘- ho-w r , 1:, Fl-i . - . ~e fi :,d that

0 is -h : - ’irat :;s :oe- ’, allow us to  ‘r d K ’ -  th e ’- small— hobble m.’a - ,u r e ’ :r :e ’: ,t s  th a t

:.:e’ vi ou~ iv were-’ either :if f i . ;s t or impossible. Ell ocit ’; me ,i:,urc ’me: ;ts can

r ow be made on bubbles iown to 1 m it ;. ‘:jameter . ii. addition to the”’

:- ,‘:,are ’ic mea’.o re- :ne -: ,t ’ - , all t ie ‘ -t atic measurements (an : particularly the tri p—

a- i tt . ‘ 7 . 1 0 ,  r i’mer , t )  are ma te rruch more conveni ently and accurately with the’

s o c  of the tei e ’v isb ot system .



FIGURE 1 Sketch showing the basic configuration used for the bubble- shift
measurement of velocity employing two conductors carrying a
pulsed current I.

TV CAMERA
TUBE

0 0 0
PROC E SSOR TV MONITOR

LENSES 

~~~~~~~~ 

ELECTRONIc IMAGE

C U R R E N T
‘ ,~~CONDUCTORS

PULSE

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ o I GENERATOR
0 0 0 1

‘ ‘

~~NBUBBL E _____________

LIGHT SOURCE 
___

_4P
ç) M A T E R I A L

FIGURE 2 Block diagram of a television mon itoring syste m used for measurements 4
of small bubble materials.
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FIGURE 3 The microsc ope and television monitoring system used for the
measu rement of small bubble mater ials.

-12-

_ _ _ _ _ _  

— -
~~~~~~

- -
~~ ---~~

-
~~~~~~



SECTI CIX. VII

~“A ;~E . IC Fl U4 PR~~ERTY ~‘EA :~hEEM E~. : -~

0’, the -- fir’ t i: .t ’.’rim re -port , we i te r ,t if i e d  tw o promis inn mater ia ls  for

‘. .m,i ll L .bble evices on the basis of their s tat ic  propert ies. 2hese m ateria l s

a - C: ’ e HT’:-r .)
3 
(;aF e)5012 a:,~ (LaEuTm )3

(:;aFe)
5
012 In a id i t i o:. to St , ’ room

‘e -n : - e r a h L . rc -  values ‘, f ill the i -’:r o; tar, t bubble parameters , the tempera-

ture et ”cr :‘- :,  .~ of s t r i pe- a - i ’ . t t  ar i d col lapse f ie ld for these mate r idls  were

a lso r i v e t ,  in iS - i ’ r e t  or ’ • r ’. or- re r to f-.~lly asses s  the usefulness of

the e ‘—o te r ia ls for  - : e v i -  e u e , It Is also necessary to exami r e the var at ior ’,

o f she an isotron- .- C onstar :  t b.. a- i SI t€” :perature ’ . if the at , isos rony field
- K

H
k 

—
~~~~~ f .h ! ls  h i - l o w  so T.e ‘r,in imo m value , spon taneous nucleation of bubbles

car ’, oc cu r  i: e v i c e ’  use. lEe mi: imum ar:lsotropy that can be to lerate.

va n — - , w i th t he ’  c i rcui t  El- pc , but  one rule  of thumb that  is frequently
Hkure  3 is  ‘ t a t  the q = should be areater than 3. bEe results of

~ini’- - o t ” o : , ’ ,- measurements of these two mater ials are prese t.  ted in Figs. 4 an ::

5 w 5 , ere- we have t I o tted the data t hree different way s , i.e. in terms of

K
~~
, H .,, , a:.d q.

SOC from Fig. - t h a t  the q of (SmTm)~ (da Fe) 5012 is 5.2 at 125C C.

bOn e St I . : , sample has a:, z of 0.lt ~m, it would support bubbles wi th a

diameter of approximately 1.c - ,~m. Since q scales with L , as described in

‘ 5 -  f lr- t interim report , this materia l ~o .~ld be adjusted to provide 1 ~m

bobbles w i t h  a q > ‘3 at 125°C. ThIs result together wi th the da ta  presented

in the f lr’.,t interim report all indicate that this material Is well suited

-13-
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;~~~~~~~

_ _ _ _ _ _ _ _ _ _ _ _ _ _

TEMPERATURE ( C)

FIGURE 4 Ku. Hk and q vs. tempera ut re for a (SmTm )3 (GaFe)5012 film.
(The magnetic parameters of this film at room tempera ture are:
Q~’ O. 16 p m4 , r M~~645.G .)
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- ‘- - . 0 - - s o s l o bubbles as s ma l l  e S 1 ~.m a: ,  .o v — r i r . ’3 the C I t ~ re

T i l O.lr- ,- 4 ’
~ ’~~- r . -~ ’ . r ’ -  ra: r ’ - ot —“ C to 112, 0 -

. .‘ i- ’ i l ar ly , •, ‘ , e  ra t a in

S c - :  i - t i e  f rst n~~’rim. r’ - - ~~~ i:, r Ica t ’ -  t ha t  ~baEoTm)
’3
( ;aFe) 5O 1~

w i l l  nro- .- i  “-  q -“ fo r 1.5 ~m I ;l.bl ” ’ ar , 1 - i lso o: ”x a t ”  :‘.“-r the f .ll

m ii it. a r .  : a’

Ha -~’ i r g  ‘- Eli l i - ~t’,t’d • h a S t h e  s ’ a t . C  bubb l~’ r - o : e r . i e— s uf ‘ ‘. :

(Fc- ,ia~ ,Q 1,, a:, ’ ( L a E u i m ;
3

( S a Fc ’ )
5
0 1 u i ”  f - e , ’ ura b l ’ -  f a r  - - nai l  L~hbi— app l icat ion s ,

w i  mus ’ also - ‘ - t ’ - r m i:,e a - t e t h e r  ‘he ir - :v rc am ic behavior Is a cc e n ’ ‘ii.le. E ’ — r . - —

we- have n.eaou r€ ’- :  t O e  bubbl~- —s h if t  ve - - l oc i :  - . :x ’~ ve f ie ld ~ H fo r

3 , 5 -  of 0 ese m a t e - - r ia l s .  r e” .lt. s ~re show :. i t ,  FOr ”,. ar 7 wt , ’r ~

a -c - av~
. also indicated for ~ach mater ia l  St e - mob-ili t- i  dete rmin’  . :

‘ fr o-n

tt , e S i o r e ’  of She c ,rve- .

i.’ see f r o m  FOr .  tha t  (Smtm)
3 

(Fe a , , °l2 
t a t ;  a -n ob- bU t ,- of i-:~ cm/sec/Oe .

his  value is  cons i d e- - r d b i ’,- lower that , those c ommonly obtained wi t S , -

bubb le ma t r ia l s .  However , a smal ler mobility car .  b e ’  tol— rate : in ‘,;mall—bubb le

‘ e v i c e ’ - . s i r , cc  t t . e- b- ,;bh lc -  does r o t  ha ve to move as far L- e - ’ tw ee r .  c ircuit

pos i t ions .  For ‘— x am ; le , l e t us ao-:,o :ne a bubble diameter of 1 ,.m. lEe

c ir .uO : ‘- i iod w i l l  0 er: be about -l .m . Assumin g a ~~ of 10 uc , Fig. ~

thow~. 
t i lt  She ’  ve - loc i t ,- will be 480 cm/sec which is 1.2 per iods per microsecond.

lE e  ‘‘ “or et ical maximum at,i rate would therefore be 1.2 megabits per

second. However , ‘ -O .ce the veloci ty is not constant as the bubble trar,’,,—

ve --~”.e ’  a pract ica l  c ircu i t , the maximum actual data rate would probably be

r educed  b y a factor  of roughly three , yielding a rate of —~ 400 k bit ,”se ’c.

Thus 1 ., or :I:;o to this estimate, (Sm ’rm)
3 

(GaFe)~ O 1,,, has reasonable

device pee- : capabilities but it does not meet the ideal specification s set

-15-
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20 40 eo 50 100 120 140

TEMPERATURE (“ C)

FIGURE 5 K 1,~, Hk and q vs. temperatu re for (La EuTm) 3(GaFe)5012. (The
magnetic parameters of this film at room tem perature are: 2 = 0.24 ~m.
4 -n M = 533.G.)
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1600 1

1200 — —

E
Li

~ 800 - —

- 
‘p . ’ l4O cm/is cIOs

400 — —

4 8 12 16 20 24
A H (0.)

FI GURE 6 Velocity vs. driv e field for a (SmTm ) 3(FeGa) 50 film having the
following properties: thickness = 3.6 pm , ~ = 0.16 pm , 4 ir M = 645G.,
Hk = 4657 .Oe, K~ 

= 1. 2 X IO 5 ergs /cm3, q = 7.4. (The bars indicate
the spread in the data obtained upon repeating each measurement abou t
six times; the circles represent the average of these s ix measurements.
The spread indicated by the bars is due primari ly to variabilit y in bubble
behavior , not to uncerta inties in the measurement. )
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fo r’O In sec ’ i : I. A - - - -how: . b- ’, :1 g. ‘
~~, ( LaEu im)

3 
(iaFe), 012 has a ~o:,s i d e r —

-~~ :‘~‘ E l  h r  ‘n ot-i li t ; arid • u  ‘‘r ’ - f r - ’ ~~~~ - 12 be ’  ~t , - - ui le f a cor~~- - :  u:. :0. ’~l,’

i : ; ç r  e’;ic~- t r e e :. It at , iso ’ r c - - is abo - ’ h alf as b- Or , 5 ) a -’~ ’;’— r , o its

‘ n i : , i m u m  3 , 1 :  ~e - - i z o  f r q 3 w i l l  be l.h — . 0 co-~r - ar0 ti ’- se t a - u

a- ’-- ’ ’ - e-- St at , SEe r- - is a Sr-- i c off b e ’ i, ’ ’ :  t~, i ih ar. i - ot ro : ’.’ an I

hi r ’ ‘~~o1 i l l  5’; i.e. the m a t e r ia l  ~‘,i 5 ’  a t - i -i ta ,’r ‘;alue of one of tt.ese - nar a—

- r - has a ‘.o’a- ’- r ,‘ due of 0 otd — r .  A f - .r ‘2 ‘ - r  ‘ -xam p le of suct .  a t ra  be

if  is nO.” 3 .  t’ e r a t ,~ in  F Or . 8 or - (Y :5:nLuCa)~ ~, Feuie).O , . Ihis m at-r ia l

‘ as a “ o b i l i ’ - uf 1000 cm ,,/ ’- ’-c/ Ue ho ’, a much lower an isotropy so that SE.,

l:r,~ m 3 - ‘d e  51 ,- c for’ q 3 at , room t’- ’ n :- ’,- r d tu re  Is about .3. ., ‘ .

icea l b ubbl e ‘ n a t — r i a l  a -o ’ .i r , of cour’ - ’- , ha- ic both i.iqh mob i l i t- ,- arc : hiqi- ,

-ct r on -; • 0,., -r a t e ~ ials r est ib,~~d above re -ore- -cu t 0 best comb, inatlo :.

of  ::r’ , :~~ r t i e - - . f o r  cmall — t ubb le- ’ a t o l l  atlons yet iiscover .— -i , but f -c rt he: r

a- r’ r, w i l l  be r e - -~~, ’ red  , : sa t i s f ’ .’ the c,c r ’, tr- a c t  coals 5t 5e : ’ : Ic, a~-c ti o:, I.
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FIGURE 7 Ve locity vs. drive fie ld for a (LaEuTm )3 (Ga Fe) 5012 film having the
following properties: thickness = 3.6 pm , 2 = 0.24, 4 ir M = 480,
H k = 3276.Oe, K~ 

= 6.3 X 1O~ ergs/cm
3, q = 6.9. (The bars indicate

the spread in the data obtained upon repeating each measurement
about six times; the circ les represent the average of these six measure
merits. The spread indicated by the bars is due primarily to varia bility
in bubble behavior , not to uncertainties in the measurement. )
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FIGUR E 8 Ve locity vs. drive field for a (SmTm ) 3(FeGa) 50 12 film having the
following properties : thickness = 2.3 pm , 4 ir M 320 G. Hk 670.Oe ,
K u = 9.7 X ~~ ergs /cm 3, q 2.4. (The bars indicate the spread in the
data obtained upon repeating each measurement about six times; the
circ les represent the average of these six measurements. The spread
indicated by the bars is due primaril y to va r iability in bubble behavior ,
not to uncertainties in the measurement.)
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